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57 ABSTRACT 
A multilayer, high yield and high density integrated 
circuit (IC) chips interposer and the method of manu 
facture therefore. A thin polyimide film is circuitized 
with copper on both sides. One side may be reserved for 
power or ground with the opposite side being a signal 
plane. Adhesive is laminated over both sides covering 
the circuit patterns. Vias are drilled through at least one 
adhesive surface, and through the polyimide film. Metal 
(copper) is blanket sputtered to coat the via walls. Poly 
mer Metal Conductive (PMC) paste is screened to at 
least partially fill the vias. The Blanket metal is sub 
etched using the screened PMC as a mask. Layers are 
stacked to form the interposer with the PMC bonding 
the stacked layers together and electrically intercon 
necting between layers. 

11 Claims, 3 Drawing Sheets 
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PARALLEL PROCESS INTERPOSER (PPD 

This is a request for filing a divisional application 
under 37 CFR 1.60, of prior application Ser. No. 
07/953,427, filed on Sep. 29, 1992, abandoned. 

FIELD OF THE INVENTION 

The present invention relates to integrated circuit 
packaging and in particular, to a multilayer structure 
with three dimensional wiring for connecting one or 
more integrated circuit chips mounted thereon to a 
substrate or to a printed circuit card. 

BACKGROUND OF THE INVENTION 

The Tape Automated Bonding (TAB) is known in 
the art as a method of connecting integrated chips to a 
substrate. In Tape Automated Bonding, a low density 
wiring structure, adhesively attached to a tape, is ultra 
sonically bonded to an integrated circuit chip. The 
TAB wires or lands fan out from the chip to provide a 
larger bonding array for connecting the chip to the next 
level of packaging, such as a card or module. TAB is a 
very inexpensive bonding method. 

However, because a misbonded TAB mounted chip 
cannot be detached and rebonded, TAB bonded chip 
packages are not repairable. TAB bonded chips are not 
repairable because bonding and breaking that bond 
damages the TAB lands and may cause physical damage 
to the chip. Furthermore, TAB mounting expands the 
chip footprint, increasing the area required for each 
TAB mounted chip. Expanding the chip footprint 
clearly conflicts with the integrated circuit chip design 
goal of packing more circuits into smaller spaces. 

Integrated circuit chips mounted on multilayer inter 
posers are known in the art. For example, see U.S. Pat. 
No. 4,617,730 to Geldermans et al., assigned to the 
assignee of this invention and incorporated herein by 
reference. For density, chips are usually attached to the 
interposer by solder balls, known as Controlled Collaps 
ible Chip Connections (C4's) located at every chip pad. 
Chips thus mounted are remountable. 
However, these prior art interposers are complicated 

and expensive. One reason that these interposers are 
expensive, is the way they are manufactured, i.e. one 
interposer layer at a time. Each subsequent layer is 
stacked onto previous layers until the interposer is com 
plete. Another reason is that these prior art interposers 
cannot be tested at intermediate manufacturing steps. 
So, defects in an interposer that occur in an early layer 
(and, therefore, in an early stage) are not detected until 
the interposer is complete. Even if every interposer 
manufactured were to test good, these interposers 
would be expensive because of this complex, time con 
suming, manufacturing process. 
However, not every interposer tests good. Instead, 

some interposers are defective. As noted above, defects 
may occur at any layer (at any stage of manufacture) to 
render the interposer useless. These defects, undetect 
able prior to completion of the entire interposer, inflate 
the cost of usable interposers. The yield for an inter 
poser is the product of the yield at each individual stage. 
The cost of manufacturing good interposers is the cost 
of manufacturing all interposers divided by interposer 
yield. For example, an interposer with 15 manufactur 
ing steps or stages, each with a 95% manufacturing 
stage yield has an overall interposer yield of 
(0.95) 15-0.4633-46.33% yield, or less than 1 in 2 thus 
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2 
doubling the cost required if only good interposers 
were manufactured. 

Besides reduced yield, these prior art multilayer in 
terposers cannot be modified for Engineering Changes 
(EC) quickly. So, there is a long delay inherent in EC 
ing a multichip package when the changes are in a prior 
art interposer's wiring. This long delay makes these 
prior art multilayer interposers unsuitable for any appli 
cation where short EC turnaround time is critical such 
as in development. 

Finally, although these prior art multilayer interpos 
ers provide a much denser packaging alternative to 
TAB mounted packaging, the wiring dimensions are 
relatively unstable. To provide stability, the wiring is 
built on a stiffener such as ceramic, which adds to the 
cost and complexity of the interposer. Wiring dimen 
sions stability is important because they determine mini 
mum feature size and feature tolerances, which in turn 
determines packaging density and yield. Larger features 
mean a larger, less dense package. Wider tolerances also 
mean a less dense package or, alternatively, lower yield. 

It is, therefore, desirable to reduce integrated circuit 
chip package costs. 

It is desirable to reduce multiple chip integrated cir 
cuit chip package costs. 

It is desirable to reduce multiple chip integrated cir 
cuit chip interposer costs. 

It is desirable to improve multiple integrated circuit 
chip packaging density. 

It is desirable to improve integrated circuit interposer 
chip density. 

It is desirable to improve integrated circuit chip inter 
poser yield. 

It is desirable to reduce interposer fabrication time. 
It is desirable to reduce the time required to modify 

an interposer design. 
It is desirable to improve integrated circuit chip inter 

poser yield while reducing interposer fabrication time. 
It is desirable to reduce chip interposer cost, fabrica 

tion time and improve packaging density, while im 
proving interposer yield. 

SUMMARY OF THE INVENTION 

The present invention is a method of fabricating a 
low cost multi-layer integrated circuit interposer; the 
interposer made according to that method; and an inte 
grated circuit chip module, or assembly containing that 
interposer. The interposer has at least one layer of poly 
imide with wiring patterns etched in metal on both its 
top and bottom surfaces. An adhesive layer is applied 
over the metal to cover both surfaces. Via holes are 
drilled through one adhesive layer surface through the 
polyimide layer to the other adhesive surface. Metal is 
blanket sputtered, covering the adhesive surfaces, any 
exposed metal and, in particular, via side walls. Conduc 
tive adhesive paste is screened onto both surfaces to at 
least partially fill the vias. Using the screened adhesive 
paste as a mask, the blanket metal is sub-etched away 
exposing the underlying adhesive layer. All of the lay 
ers of an interposer may be thus prepared in parallel 
and, then, stacked to form the multilayer interposer. 
The resulting multi-layer interposer has three dimen 
sional wiring. The interposer with integrated circuit 
chips mounted thereon is mounted on a substrate, pack 
aged in a low-cost package, or, may be mounted di 
rectly on a printed circuit card. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1F, are the process steps for fabricating an 
interposer layer according to the preferred embodi 
nent. 5 

FIG. 2 is a cross sectional view of the preferred em 
bodiment interposer mounted on a packaging compo 
net. 

DETAILED DESCRIPTION OF THE 10 
PREFERRED EMBODIMENT 

FIGS. 1A-1F illustrate the steps in fabricating a sin 
gle interposer layer according to the preferred embodi 
ment method of the present invention. First, in FIG. 
1A, a di-electric layer 100 of cured polyimide film 100 15 
has circuit patterns 102 provided on both its top 104 and 
bottom 106 surfaces. Methods of thus providing circuit 
patterns are called circuitization in the art. Circuitiza 
tion processes include sub-etching the circuit pattern 
into a metal layer; and plating metal through a photore- 20 
sist mask, called the plate up process. In the preferred 
embodiment of the present invention, the plate up pro 
cess is used. The plate up process involves first deposit 
ing a blanket layer of metal, forming a photoresist pat 
tern on the blanket layer and, then, plating exposed 25 
metal in a standard plating bath. The preferred plating 
metal is copper, although any suitable metal or electri 
cally conductive material may be used. In the preferred 
embodiment, for dimensional stability, one circuitized 
plane, either the top or bottom side, is a signal distribu- 30 
tion plane and the other circuitized side is a power or 
ground plane. So, for example, the top side 106 is a 
signal distribution plane, while the bottom side 104 is a 
power plane, ground plane or a reference voltage plane. 

Second, in FIG. 1B, adhesive layers 110 and 112 are 35 
applied to each side 104 and 106. Any non-conductive 
adhesive material, suitable for polyimide layer lamina 
tion may be used. In the preferred embodiment, the 
adhesive material is a soluble thermoplastic material of 
polyimide with siloxane side groups. The soluble ther- 40 
moplastic material of the preferred embodiment of the 
present invention is chosen such that the interposer may 
be laminated and thermally delaminated. 

Third, in FIG. 1C, vias 120 are drilled. In the pre 
ferred embodiment, drilling is done with an Excimer 45 
Laser, although a CO2 laser, a mechanical drill, or other 
suitable drilling technique may be employed. 

Fourth, in FIG. 1D, metal 130 is blanket sputtered 
onto both sides 104,106 to fully plate the interior of the 
vias 120. 50 

Fifth, in FIG. 1E, Polymer Metal Conductive Paste 
(PMC) 140 is screened into the via openings 120. The 
PMC 140, which also has adhesive properties, is a ther 
moplastic adhesive containing gold or silver, and pro 
vides an etch mask to protect the vias during subsequent 55 
etching of exposed blanket metal 130. The thermoplas 
tic polymer is selected such that it is soluble, screenable, 
thermally stable to 360° C. and adheres well to metal 
(Cu, Au, Sn, Cr) surfaces when laminated above the 
glass transition temperature (Tg) of the thermoplastic 60 
polymer. 

Sixth, in FIG. 1F, the blanket metal 130 is sub-etched 
using the screened PMC 140 as an etch mask. As a 
result, all of the blanket metal 130 is removed from the 
adhesive layers 110, 112, but not the Vias 120 which are 65 
metal plated completing interposer layer 150. 
The completed interposer layer 150 may be fully 

tested for defects. FIG. 2 is an example of a preferred 

4. 
- embodiment interposer made from 4 such interposer 
layers 150. The screened PMC 140 capping the vias 120 
on each interposer layer 150 glues the interposer's lay 
ers 150 together and electrically connects inter layer 
wiring. Thus, each interposer layer 150 has at least one 
two dimensional wiring layer with the interconnection 
third dimension provided by the vias 120. The stack of 
interposer layers form the interposer 152. The inter 
poser 152 may be reworked by applying heat and pull 
ing the layers apart, delaminating it. Any adhesive resi 
due may be removed with a solvent. The modified inter 
poser layer(s) are discarded and replaced. The delami 
nated interposer layers and the replaced layer(s) then 
may be relaminated by following steps identical to those 
for initially laminating interposer layers. 

In this preferred embodiment, the interposer 152 
which is mounted on a substrate 154, is capped with a 
capping layer 156. The capping layer 156 is made by 
coating one side of a thin polyimide layer with copper, 
lasing holes through the polyimide, electroplating the 
exposed copper to form metal caps 158 (as in the plate 
up process) and, then, etching away the copper coat. 
Chips are mounted to the capping layer 156 by the 
metal caps 158. Alternatively, the interposer may be 
mounted to flex wiring or directly to a printed circuit 
card with this same conductive adhesive. 
Thus, it can be seen that the present invention im 

proves integrated circuit interposer yield because each 
interposer layer can be tested individually before being 
bonded to other layers. By improving interposer yield, 
interposer cost is reduced, which in turn reduces mod 
ule cost. The present invention reduces manufacturing 
time because all of the layers of the interposer can be 
manufactured in parallel (at the same time), and then 
assembled. So, fabricating an entire interposer takes 
only slightly longer than fabricating an interposer layer, 
a-fraction of the time required for prior art interposers. 

Furthermore, for the same reason, the present inven 
tion reduces EC time. To EC the interposer, first it is 
delaminated, and cleaned. Then, the interposer layer(s) 
may be replaced and the interposer relaminated. Since 
new layers may be made in parallel, modifying the inter 
poser only takes the time needed to fabricate a new 
layer and relaminate the layers. 
Consequently, because of improved yield, an im 

proved simple method for making EC's and reduced 
turnaround time, interposer manufacturing costs are 
reduced. 

Finally, by making one of the circuitized sides of each 
layer a power or ground layer, wiring dimensions are 
stabilized. Because the power or ground layer is a rela 
tively uniform layer of metal, that layer of metal holds 
dimensions and features constant throughout the inter 
poser layer. Also, because the circuit patterns are cov 
ered with thermoplastic film, some feature variation are 
allowable without causing shorts (which would other 
wise occur) between the screened PMC 140 and any of 
the interposer layer's circuit patterns. Thus, layer to 
layer alignment becomes less critical, relaxing align 
ment tolerances. 

Variations of the preferred embodiment of the pres 
ent invention will occur to a person of ordinary skill in 
the Art without departing from the spirit and scope of 
this invention. w 

We claim: 
1. An integrated circuit chip interposer having a plu 

rality of interposer layers comprised of: 
a di-electric layer; 
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a first conductive plane on a top surface of said di 
electric layer; 

a second conductive plane on a bottom surface of said 
di-electric layer; 

an adhesive layer coating each said conductive plane; 
a plurality of conductive vias through said di-electric 

layer; 
3. active adhesive in each said via; and 
said plurality of interposer layers in a stack, said stack 
of interposer layers being bonded together by said 
conductive adhesive in each said via. 

2. The integrated circuit chip interposer of claim 1 
further comprising a cap at one end of said stack. 

3. The integrated circuit chip interposer of claim 1 
wherein said di-electric layer is a polyimide layer. 

4. The integrated circuit chip interposer of claim 1 
wherein said first and second conductive planes are 
copper. 

5. The integrated circuit chip interposer of claim 1 
wherein said first conductive plane is a signal distribu 
tion plane and said second conductive plane is a power 
of ground distribution plane. 

6. The interposer of claim 1 wherein said adhesive 
layer is comprised of a first soluble thermoplastic mate 
rial and said conductive adhesive is comprised of a 
second soluble thermoplastic material. 

7. An integrated circuit chip package comprised of: 
an interposer having a plurality of interposer layers 
comprised of: 
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6 
a di-electric layer, 
a conductive plane on a top surface of said di-electric 

layer, 
a conductive plane on a bottom surface of said di 

electric layer, 
each said conductive layer being coated by an adhe 

sive coating, 
a plurality of conductive vias through said di-electric 

layer, and, 
a conductive adhesive paste in each said via, 
said plurality of layers in a stack, said stacked layers 

being bonded together by said conductive adhesive 
paste; and, 

a substrate, said interposer being mounted on said 
substrate. 

8. The integrated circuit chip package of claim 7 
further comprising a cap at one end of said interposer 
stack. 

9. The integrated circuit chip package of claim 7 
wherein said interposer's di-electric layer is a polyimide 
layer. 

10. The integrated circuit chip package of claim 7 
wherein said first and said second conductive planes are 
copper. 

11. The integrated circuit chip interposer of claim 7 
wherein said first conductive plane is a signal distribu 
tion plane and said second conductive plane is a power 
or ground distribution plane. 

is k at : 


